Carotid artery intima-media thickness (IMT) has been used as a surrogate marker of atherosclerosis and is related to cardiovascular risk. Indices of arterial stiffness are also associated with cardiovascular risk and atherosclerosis. The aim of this study was to assess the prognostic value of the combination of surrogate markers of cardiovascular disease measured non-invasively in subjects without cardiovascular disease. In this cross-sectional study, 81 young and middle aged males (39.276.3 years) without evidence of overt cardiovascular disease or diabetes mellitus were enrolled. Highresolution B-mode ultrasonography and pulse wave analysis were used to measure carotid artery IMT and augmentation index (AI), a measure of arterial stiffness. Framingham risk score (FRS) was used as an estimate of the risk for development of cardiovascular disease. Regional differences were observed in the carotid arteries' IMT regarding their relationship with FRS: combined (average from all sites) IMT and IMT in the carotid bulb (CB), but not in the common (CC) and internal carotid artery (IC), and AI showed significant increases of FRS by their tertiles. However, subjects with both AI and IMT at any site in the highest tertile (AI415%, CC40.65 mm, CB40.8 mm, IC40.65 mm) had an increased FRS compared to subjects with one or none of these parameters in the highest tertile. In conclusion, young and middle-aged men without overt cardiovascular disease with both high IMT and AI are in high cardiovascular risk, as assessed by FRS. Epidemiological studies are needed to further validate this combination.
Introduction
Coronary atherosclerosis has been shown to initiate early in life many years before clinical manifestations of coronary artery disease.
1 Thus, search for markers with high accuracy to identify early atherosclerosis and adverse clinical outcomes in young adults may be of great clinical value in primary prevention for coronary heart disease (CHD).
Carotid intima-media thickness (IMT) has been related to the presence of multiple CHD risk factors and coronary atherosclerosis and has been used as a surrogate marker of early atherosclerosis. [2] [3] [4] [5] [6] [7] [8] [9] In addition, the Atherosclerosis Risk in Communities (ARIC) study has shown that increased carotid IMT is associated with high cardiovascular risk even in young healthy asymptomatic adults. 10 Pulse wave analysis (PWA) is widely used to noninvasively measure augmentation index (AI) in the aorta, which reflects the augmentation of systolic pressure induced by the reflected waves returning from the periphery. 11 This parameter is determined mainly by arterial stiffness, vascular tone and aortic pressures. 11, 12 AI has been associated with the presence of coronary atherosclerosis and increased level of cardiovascular risk. 13, 14 The purpose of the present study was to test the hypothesis that the combination of a functional marker for cardiovascular disease derived from PWA, 15 like AI, and a structural marker, like carotid artery IMT, may better predict cardiovascular risk, as assessed by the Framingham risk score (FRS), than AI or IMT alone in asymptomatic young subjects without clinically overt cardiovascular disease.
Materials and methods

Study population
A total of 81 asymptomatic male volunteers, military officers from the Hellenic army (39.276.2 years) without clinically overt cardiovascular disease (CHD, symptomatic carotid artery disease, peripheral artery disease) were enrolled in the study. Since diabetes mellitus is considered as a CHD risk equivalent by the Adult Treatment Panel (ATP) III, 16 its presence was considered as exclusion criterion. All subjects gave informed consent before entering the study and the local ethics committee approved this protocol.
The vascular studies and venous blood sampling were performed at the same time of the day (12:00-16:00) after a 15 min rest period. All subjects abstained from food, smoking and caffeine or alcohol for at least 12 h. Investigators and operators involved were blinded to the clinical history of the patient examined.
Cardiovascular risk assessment was carried out by using the Framingham equations for men modified by the ATP III. 16 The FRS determines the 10-year risk for developing CHD. The risk factors used to calculate the score were age, total cholesterol, HDL cholesterol, systolic blood pressure, treatment of hypertension and cigarette smoking. Cigarette smoking was considered as any cigarette smoking in the past month. Although it is extracted from a population living in USA, FRS was thought to be more eligible in comparison to other scores based on European populations, since it also calculates risk for groups younger than 40 years.
Pulse wave analysis
Radial artery tonometry was used to acquire and analyse the pulse waveform of the aorta (Sphygmocor System-Atcor Medical, Sydney, Australia). Peripheral pressure waveforms were recorded at the radial artery using a hand-held high fidelity tonometer (Millar, Instruments, Houston, TX, USA) and calibrated by using arterial pressures measured at the brachial artery. Aortic pressure waveforms were then calculated by applying generalized transfer functions as previously described. 11 Analysis of the derived aortic waveform, allows the calculation of indices that correspond mainly to measures of arterial and particularly aortic stiffness and the intensity of reflected waves. The AI was measured with this method which is defined as the ratio of the augmentation of systolic pressure induced by the reflected waves to the aortic pulse pressure.
11
Measured AI was normalized for the heart rate of 75 bpm (AI@75) due to the strong dependence of this index on heart rate. 17 Carotid IMT IMT was measured in three paired segments of both right and left carotid arteries from a fixed lateral transducer angle by using B-mode ultrasound imaging (7.0 MHz, linear array transducer, Acuson 128XP, Mountain View, CA, USA) as previously described.
18 Segment (i) was measured at the level of the common carotid (cc) artery (defined as the segment 1 cm proximal to carotid dilation); Segment (ii) at the level of the carotid bulb (cb) (defined as the segment between the carotid dilation and carotid flow divider) and segment (iii) at the level of the internal carotid (IC) artery (defined as 1 cm long arterial segment distal to the flow divider). In each segment three measurements of the maximal IMT in the far wall were averaged. Subsequently the average IMT of all six segments (combined IMT) and that for each pair of segments separately were calculated.
Statistical analysis SPSS 11.5. for Windows was used to analyse the data. Values are presented as mean7s.d. The onesample Kolmogorov-Smirnov test was used to test parameters for normal distribution. All IMT measurements were log transformed to reduce skewness when used as continuous variables. Analysis of variance (ANOVA) with linear trend tests was used to assess the impact of tertiles of AI@75 and IMT on FRS. Subsequently, each individual was assigned to one of five groups depending on the value of IMT and AI@75: both IMT and AI@75 in the lowest tertile (Group 1), one of the parameters in the lowest tertile and the other in the second tertile (Group 2), both parameters in the second tertile (Group 3) one of the parameters in the second tertile and the other in the highest tertile (Group 4) and both IMT and AI@75 in the highest tertile (Group 5). Linear trend tests were used to assess the impact of combinations of AI@75 with IMT measured at different sites on FRS. Analysis of covariance was used to adjust for potential confounding factors not included in the Framingham equations. No adjustment for heart rate was carried out since AI had been already normalized for this parameter. A P-value o0.05 was considered to be the level of statistical significance.
Results
Characteristics of the participants are shown in Table 1 ; values of the measured biochemical and vascular parameters are listed in Table 2 Significant increases in FRS by combined IMT (P ¼ 0.009), CB IMT (P ¼ 0.002) and AI@75 tertiles (P ¼ 0.009) were observed. Mean values of FRS by AI@75 tertiles were 6.776.2 (1st vs 2nd, P ¼ 0.360 and 1st vs 3rd tertile, P ¼ 0.009), 874.9 (2nd vs 3rd tertile, P ¼ 0.086) and 10.475.4 for 1st, 2nd and 3rd tertiles, respectively. Mean values of FRS by combined IMT tertiles were 6.876.9 (1st vs 2nd, P ¼ 0.418 and 1st vs 3rd tertile, P ¼ 0.009), 874.4 (2nd vs 3rd tertile, P ¼ 0.083) and 10.674.7 for 1st, 2nd and 3rd tertile, respectively. Mean values of FRS by CB IMT tertiles were 7.176.4 (1st vs 2nd, P ¼ 0.969 and 1st vs 3rd tertile, P ¼ 0.002), 774.1 (2nd vs 3rd tertile P ¼ 0.007) and 11.274.6 for 1st, 2nd and 3rd tertiles, respectively. Although there were also increases of FRS by CC IMT tertiles (FRS ¼ 7.876.6 for 1st, 8.775.5 for 2nd and 9.474.1 for 3rd tertile) they did not reach significance (Figure 1 ). No significant difference was observed in IC IMT (876.4 for 1st, 9.574.5 for 2nd and 8.475.6 for 3rd tertile).
When the combination of AI@75 and IMT was assessed, significant increases of FRS were noted among groups 1-5 as described in the statistics section (Figure 2 ). Mean FRS was highest in subjects with both AI@75 (415%) and IMT measured at any site (CC40.65 mm, CB40.8 mm, IC40.65 mm) or combined IMT (40.7 mm) in the highest tertile. Differences between each group for each combination of AI@75 with IMT are shown in Table 3 . The most striking differences were seen when AI@75 was assessed with combined or CB IMT. In these two combinations FRS in Group 5 was significantly higher from all other Groups with clearly progressive increments of FRS from Groups 1 to 5 (Po0.005 for linear trend).
No change in these findings was observed after adjustment for BMI and for height, a parameter which may influence AI values. Mean FRS in subjects with both AI@75 and IMT in the highest tertile (Group 5) corresponded to a risk ranging from 8 to 12% while in subjects with one of the parameters in the highest tertile and the other in the second tertile (Group 4) corresponded to a risk ranging from 4 to 6%.
Discussion
The results of the present study suggest that young and middle-aged asymptomatic male adults are in the highest risk for developing CHD, as this is estimated by FRS, when both arterial stiffness, assessed by pulse wave analysis, and IMT of the carotid arteries are increased. A progressive increase in FRS was observed for each increment of either parameter within its tertiles. It is probable that in this cohort of comparatively low initial cardiovascular FRS the additional diagnostic information obtained by the combined diagnostic tests does not substantially change the categorization of the patients and therefore the therapeutic decisions. It is possible though that in an elderly population (with higher baseline FRS score) the information of the combined tests may lead to change the decision for treatment.
FRS is a validated score which calculates risk for developing CHD by inserting major cardiovascular disease risk factors in an equation. It is based on data from large and long-term epidemiological trials and allows to better target asymptomatic free-living adults who will benefit from intensive treatment. 16 IMT measured in the carotid arteries has been extensively used as a surrogate marker of generalized atherosclerosis; 4, 5, 9 increased IMT, especially in the CB, has been associated with the presence and extent of coronary atherosclerosis;
6-8 measurement of IMT in the carotid arteries might be a useful marker of risk to guide decisions for primary prevention of CHD. However, increased IMT is an anatomical marker reflecting the impact of atherosclerosis on the structure of the vascular wall; 9 therefore, important information on the functional status of the cardiovascular system may be missed 19 Accordingly, we hypothesized that PWA which is a suitable method to assess functional changes in the cardiovascular system 15 could provide important prognostic information in addition to that obtained from IMT, in young men long before they develop overt cardiovascular disease.
AI in the aorta measured non-invasively by PWA is considered a reliable and reproducible marker [20] [21] [22] to assess the current status of the cardiovascular system. Its values reflect the timing of reflected pressure waves returning to the aorta and therefore aortic pulse wave velocity and arterial stiffness 23, 24 as well as changes associated with the intensity of the reflected waves which depends on the vascular tone and properties of the small muscular arteries/ arterioles. 11, 12, 15 It is not possible to determine which of these components was more strongly affected in the subjects with high AI in our study. Nevertheless, Kelly et al. 12 have shown that in young healthy men, similar to those examined in the current study, vascular tone has a major influence on AI compared to aortic pulse wave velocity.
Although at the moment there are no epidemiological studies examining the prognostic value of AI in asymptomatic adults, it has been related to the cardiovascular risk according to the coronary risk chart of the European Society of Cardiology as well as to the presence of CHD. 13, 14 Thus, associations of cardiovascular risk with IMT or AI but not their combination, have also been reported in similar population groups of young asymptomatic individuals as in the current study.
2, 3, 13 In addition to these data, we indicated that a high-risk subpopulation, presenting deterioration of both markers, can be identified. A possible explanation for these results may be that an increased load on the vascular wall by the presence of multiple risk factors, as this is assessed by the FRS, may strongly accelerate the process of atherosclerosis and globally affect both functional and structural markers of atherosclerosis.
In contrast a limited load of risk factors would probably affect only one or none of the examined vascular parameters. Therefore, measuring IMT in the carotid arteries and AI in the aorta during a single visit may help to identify asymptomatic individuals in high risk for developing CHD; these subjects may be candidates for aggressive treatment of their cardiovascular risk factor profile. However, the utility of the combined measurement of these markers should be validated by large-scale epidemiological studies.
IMT thickness in the CB was better related to FRS than other carotid segments. Previous studies are in agreement with our findings pointing to a stronger relation of IMT in the CB with cardiovascular risk factors and the extent of coronary atherosclerosis than that of the CC artery.
2, 3, 6, 8 Moreover, in the ARIC study 10 there was no clear difference regarding prediction of risk between CC and CB IMT in a population with similar profile as this examined in the present study. This is probably due to different haemodynamic properties in the CB which are closer related to those of the coronary arteries. 25 There are some limitations in this study. First although FRS is a well-validated score it is still a calculated risk score which cannot substitute epidemiological data. Moreover, not all risk factors are inserted in the calculations. Second, cardiovascular risk may have been somewhat overestimated since FRS was developed from a US population with higher prevalence of CHD than that in Mediterranean countries. However, relative and not absolute risk was the major objective in this study. In addition, the studied population was selected in regard to gender, diabetes mellitus and probably the lifestyle which may differ inside the military community (e.g. dietary habits, physical activity) when compared to the general population. This may limit these results from being directly generalized to the broader population but may trigger further research to examine this combination in such samples. Finally, the FRS may be less predictive in subjects under 40 years of age which comprised a large part of the population examined. However, FRS reflects the cumulative measure of risk factors for CAD and therefore these findings suggest that even in young healthy adults a combination of both high IMT and AI is most often related to the presence of multiple risk factors. This is of particular importance since the presence of traditional risk factors early in life may predict rapid progression of CAD. For example elevated serum cholesterol in young adults predicts higher rates of premature CAD in middle age. 16 In conclusion, the present study suggests that healthy young and middle-aged males with both increased carotid IMT and AI are in the highest risk for developing CHD as this is assessed by FRS. These findings may trigger further investigation to assess the prognostic value of this combination of atherosclerotic markers in epidemiological studies with broader populations. Group 1: both IMT and AI@75 in the lowest tertile, Group 2: one of the parameters in the lowest tertile and the other in the second tertile, Group 3: both parameters in the second tertile, Group 4: one of the parameters in the second tertile and the other in the highest tertile, Group 5: both IMT and AI@75 in the highest tertile.
What is known on this topic
Increased arterial stiffness and increased intima media thickness (IMT) individually reflect increased cardiovascular risk in adults without known cardiovascular disease and may help risk stratification in primary prevention for CAD in the future.
What this study adds
The combined use of IMT in the carotid artery with a marker of arterial stiffness derived from pulse wave analysis (augmentation index) may provide additive prognostic information to help identify currently healthy adults with the highest risk to develop coronary artery disease in the future.
